Nanoparticle manipulation is of increasing interest, since they can report single moleculelevel measurements of the cellular environment. Until now, however, intracellular nanoparticle locations have been essentially uncontrollable. Here we show that by infusing gold ion solution, focused laser light-induced photoreduction allows in-situ fabrication of gold nanoparticles at precise locations. The resulting particles are pure gold nanocrystals, distributed throughout the laser focus at sizes ranging from 2 to 20 nm, and remain in place even after removing the gold solution. We demonstrate the spatial control by scanning a laser beam to write characters in gold inside a cell. Plasmonically enhanced molecular signals are then detected from nanoparticles, allowing their use as nano-chemical probes at targeted locations inside the cell, with intracellular molecular feedback. Such light-based control of the intracellular particle generation reaction also offers avenues for in-situ plasmonic device creation in organic targets, and may eventually link optical and electron microscopy.
Figure 1 Photoreduction of aqueous gold solution by targeted laser beam.
While nanoparticles do not freely pass through a cell, the cell is permeable to gold ion solution. By infusing the cell culture dish with gold ion solution, focused 532 nm irradiation can then trigger photoreduction at an area of interest and ionic gold can later be washed out, leaving permanent fabricated gold nanoparticles at the laser focus. Intracellular spectra can then be studied by Raman spectroscopy, without luminescent interference, using near-infrared light excitation (785 nm). 
